BACKGROUND: Recent disproportionate increases in use of specialty medications, such as palivizumab (Synagis), compared with steady utilization of traditional medication use, have prompted complex utilization management strategies that require frequent evaluation to facilitate cost-effectiveness while preserving patient access. Clinical criteria utilized by North Carolina (NC) Medicaid for use of palivizumab for respiratory syncytial virus (RSV) prophylaxis are consistent with the most recent guidelines published in the Red Book: Report of the Committee on Infectious Diseases. Prior to the 2011-2012 RSV season, prior approval (PA) requests were submitted by facsimile using the NC Medicaid Synagis PA form. A web-based PA application, which includes automatic approval capability, monthly dose prompts to providers, and a standardized dose projection formula, was developed for the 2011-2012 RSV season.
• National trend reports indicate that the costs for traditional medications remained nearly flat in 2011, while specialty pharmacy expenditures rose approximately 17%.
• Despite evidence of reduced respiratory syncytial virus (RSV)-related hospitalizations, palivizumab has failed to demonstrate consistently positive results in cost-effectiveness studies.
• The American Academy of Pediatrics has published guidelines to target use of palivizumab to infants at highest risk of serious respiratory tract infections associated with RSV.
• Compliance with palivizumab prophylaxis has historically been lower in Medicaid recipients than the commercially insured population.
• Traditional facsimile-based prior approval (PA) systems used for palivizumab may result in significant delay in coverage determination.
• Limited information exists to guide third-party administrators implementing electronic or web-based PA applications.
What is already known about this subject
• This is the first known web-based PA application for palivizumab in the United States with automatic approval capability.
• Features such as automatic approval and ability to upload supporting documentation are effective at decreasing time to coverage determination. The automatic approval feature eliminated a large portion of delay in coverage determination.
Medicaid enrollment has been associated with significantly lower compliance rates, as reported in a review of compliance with palivizumab. 19 In a claims analysis of Florida Medicaid recipients, 67.9% of Medicaid recipients were considered fully compliant with at least 4 doses of palivizumab, and 41.3% received at least 5 doses, where 5 doses represented ideal coverage. 20 Several studies have attempted to identify strategies for increasing compliance through in-home administration programs, telephone calls, and education of caregivers with positive results. 15, [21] [22] [23] In the Palivizumab Outcomes Registry, compliance among Medicaid recipients who received palivizumab in the clinic or office setting was reported as 76% when defined by comparing expected number of doses and actual number of doses received and 61% when compliance was defined as receipt of all palivizumab doses within 35 days of the previous dose. Compliance rates were higher among recipients who were administered palivizumab in the home for both definitions. Data were collected from the medical record and entered into the registry; the number of doses received and 35-day interval between doses were used as definitions of compliance. 24 These guidelines target infants at highest risk of hospitalization and recommend administration only during peak virus circulation, which is November through March in North Carolina.
Prior to the 2011-2012 season, NC Medicaid providers submitted PA requests and supporting documentation via facsimile. Requests were approved by pharmacy technicians or pharmacists or escalated to medical review, as necessary. This method required paper-based requests to be scanned and shared electronically among reviewers, which may have resulted in substantial delay in coverage determination. Requests were also frequently submitted lacking information necessary to determine medical necessity, which required N ational trend reports indicate that the expenditures for traditional medications remained nearly flat in 2011, while specialty pharmacy expenditures rose approximately 17%. This is slightly less than the 19.6% increase experienced from 2009 to 2010, but it remains notable due to the consistent annual increases of greater than 15%. Within the realm of specialty medications, the 2011 Drug Trend Report published by Express Scripts cited palivizumab (Synagis) as the seventh most costly specialty medication to state Medicaid programs at close to $4 per member per year. Respiratory syncytial virus (RSV) is the leading cause of bronchiolitis in children under 1 year of age and the leading cause of outpatient visits in children under 5 years of age in the United States. [2] [3] [4] [5] [6] Palivizumab, a humanized monoclonal antibody, was approved by the U.S. Food and Drug Administration (FDA) in 1998 to prevent serious lower respiratory tract disease in infants and toddlers considered to be at high risk for RSV disease. The recommended dose is 15 milligrams per kilogram intramuscularly every 28-30 days, beginning at the start of RSV season. 7 Despite demonstrated efficacy, 8 conflicting data exist regarding the cost-effectiveness of RSV prophylaxis with palivizumab. [9] [10] [11] [12] [13] [14] [15] [16] [17] The IMpact-RSV trial (1996) (1997) , which was used to gain FDA approval for the drug, demonstrated that palivizumab reduced RSV hospitalizations by 55% in high-risk patients who were compliant with the monthly dosing schedule. 18 The Palivizumab Outcomes Registry yielded no significant association between compliance and RSV hospitalizations when compliance was defined as the number of expected injections, but when defined as receiving all doses within 35 days of the previous injection, compliance was associated with lower odds of RSV hospitalizations. 15 A retrospective claims review of a managed care organization including commercial and Medicaid beneficiaries found compliance-defined as starting palivizumab on time, receiving the expected number of injections, and no more than a 37-day gap between palivizumab claims-was associated with a decreased proportion of patients with at least 1 respiratory-related emergency room (ER) visit. However, compliance so defined was not associated with a decreased proportion of patients with at least 1 respiratory-related office visit or hospitalization. Median total • Palivizumab compliance, prompted with alerts from the webbased application, is slightly higher than rates reported in the literature for Medicaid recipients.
• The dose projection formula used by the web-based application appears to accurately predict the dose amount required regardless of age.
What this study adds (continued) Following the 2010-2011 palivizumab season, NC Medicaid received reports from providers that unused vials of palivizumab were accumulating at pediatric practices by the end of an RSV season. While this product wastage was presumed in part to be due to poor compliance, it was also thought that on the day of administration a patient's dose may have required fewer vials than were dispensed by the pharmacy. Little is known about compliance with Synagis therapy for NC Medicaid recipients in past seasons because claims data are limited for assessing compliance or the time interval between doses. In a published study that compared the consistency of documentation of palivizumab administration in Medicaid claims and medical records from 28 pediatric practices across North Carolina, injection frequencies matched between the 2 data sources for only 46.2% of participants, while dates of administration matched in only 1% of participants. 25 In response to identified concerns, NC Medicaid developed a web-based PA application for the 2011-2012 RSV season. Several features of the web-based PA application (developed by Infina Connect, Cary, NC) were designed to address challenges from the 2010-2011 RSV season: (a) the application generated an automatic approval if certain criteria were met based on patient information provided; (b) text box selections, dropdown lists, attachment capability, and free text fields prompted providers to submit requests with all information essential to justify medical necessity; (c) the application required individual dose authorizations to be obtained monthly with provider attestation that the previous dose had been administered; (d) vial quantity for coverage was calculated based on established infant and pediatric growth curves; and (e) dose reminder prompts were sent to providers. It was hoped that the features of the web-based application would decrease product wastage along with other benefits, such as increased transparency of the approval and medical review process to providers, decreased time to coverage determination, and allowed measurement of compliance for all palivizumab recipients.
This study evaluated the effect of the electronic PA request application on timeliness of coverage determination when compared with the prior facsimile-based system, the level of palivizumab injection compliance achieved with the implementation of monthly dose prompts to providers, and the accuracy of the weight and dose projection formula utilized within this system.
■■ Methods Design
This historically controlled cohort study retrospectively examined all NC Medicaid PA submissions and supporting documentation for palivizumab for the 2010-2011 and 2011-2012 seasons to compare timeliness of palivizumab coverage determination across the 2 seasons. Evaluation of compliance and the dose projection formula were performed using the 2011-2012 cohort only. This study was approved by the University of North Carolina at Chapel Hill Institutional Review Board.
Intervention
The intervention for this study was a novel web-based PA application for palivizumab. The PA application or a medical reviewer may approve up to 5 monthly doses of palivizumab based on clinical criteria (Figure 1 ). However, in contrast with previous seasons, each monthly dose required individual authorization, which was obtained by attesting to details regarding the administration of the previous dose and providing the patient's most recent weight. Implementation of required individual dose authorizations aimed to (a) decrease product wastage by collecting information about the patient's weight to more accurately project the required vial quantity for the next dose and (b) allow for measurement of compliance. 
AAP Recommendation for Use of Palivizumab Prophylaxis of RSV Infection
Upon entry of patient information, the application calculated a projected patient weight and corresponding dose 30 days after the date of the last dose. The application then generated an authorization of the appropriate vial size to be dispensed by the pharmacy. The provider faxed this document to the pharmacy as notification of authorization to dispense the next dose. In order to alert providers to potential noncompliance, beginning 40 days after a patient's last dose request date, providers received weekly prompts via e-mail to request the patient's next dose.
Data Sources
This study used data that were previously collected by NC Medicaid. These data sources included NC Medicaid palivizumab PA request forms, palivuzumab PA decision files, and the web-based PA application. AccessCare personnel previously entered the NC Medicaid palivuzumab PA data from the 2010-2011 season into a secure electronic database at AccessCare, where the PA files are currently stored. A sample of PA data was checked for reliability of data entry by the primary investigator. Data fields that were selected from the PA data for the 2010-2011 season included date and time of receipt of the PA request form, date and time of final coverage determination, and level of review. The level of review was defined as standard review by a pharmacist and/or technician versus escalation to medical review. In several cases, multiple PA requests were submitted for the same child; only data from the first submission were collected. Additional data collected only from the 2011-2012 season included total number of doses approved, number of doses provider attested to have been administered, date of palivizumab administration, projected patient weight, actual patient weight, and the amount of each dose administered.
Inclusion and Exclusion Criteria
Distinct inclusion and exclusion criteria were employed for each major study question.
• 
Analysis
Time to palivizumab coverage determination. Time to coverage determination for the 2010-2011 season was calculated as time elapsed from the date and time of the receipt of the PA request to the date and time that coverage determination was entered into the NC Medicaid PA documentation system. For requests received and/or reviewed prior to the start of claims processing for each season, submission and/or the coverage determination date and time were adjusted to the date when claims processing began for the season. An F-test to determine whether the 2 samples had equal variances was conducted using Microsoft Excel (P < 0.001). If the variances were equal, it was assumed that a Student's t-test could be used to compare means. Given unequal variances between the 2 samples used in this analysis, coverage determination times were compared between the 2 seasons using a 2-sample Student's t-test assuming unequal variance or a Welch's t-test to compare means.
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Palivizumab compliance. Compliance with palivizumab prophylaxis was defined in 2 ways. The actual number of injections documented as having been received was compared with the expected number to be documented based on the total number of doses approved. Providers were neither required nor incentivized to enter information for the final dose administered. We accounted for this in the expected number of doses to be documented. For example, beneficiaries who received a 5-dose approval in November were expected to have 4 of those doses documented in the web-based application. Patients who received a 2-dose approval in February were expected to have only 1 documented dose in the application. Any patient who received at least as many doses as expected was included in the analysis as being compliant. The second definition of compliance included subjects receiving at least 2 doses and was calculated as the proportion of subjects for whom documentation indicated receipt of all palivizumab doses within 35 days of the previous dose. We reported the proportion of patients who (a) received the total number of approved doses for the season, (b) received all but 1 of the total number of approved doses for the season, (c) received all doses within 35 days of the previous dose, and (d) received all approved doses within 35 days of the previous dose. The 35-day administration interval was selected based on the design of similar compliance analyses.
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Dose projection formula. The web-based PA application projected the amount of the next dose based on a standard formula that took into account a recent patient weight and the due date for the next dose. The due date was considered to be 30 days from the date the last dose was administered. Absolute and relative differences between projected and actual doses were calculated and reported using descriptive statistics. Projected and actual dose amounts for individual recipient doses were compared using a paired t-test. A sensitivity analysis, excluding dose differences of greater than 50% to assess for potential bias introduced by system user error, was conducted. Correlation between relative difference and patient age on the date of administration were also assessed using a Pearson correlation coefficient. The projected dose formula is proprietary and therefore is not reported here. Figure 5) . A multivariate regression analysis was also performed to assess for potential confounding by age of beneficiaries, which showed no significant difference attributed to the difference in age distributions between the 2 seasons. (Table 3) .
■■ Results Study Sample and Patient Characteristics

Palivizumab Compliance
Dose Projection Formula
Projected doses and actual doses differed, on average, by 7.1 mg or 8.6%. When compared using a paired Student's t-test, mean were excluded because of ambiguity of medical review status; 2,203 requests were included in the analysis (Figure 2 ). Of the requests included in the analysis, 1,454 were approved by a technician or pharmacist, and 749 received medical review. Demographics of beneficiaries for whom requests were made are shown in Table 1 . For the 2011-2012 season, 1,578 palivizumab PA requests were approved. Of these, patients were excluded for not receiving at least 2 doses within the season (n = 128), when no documentation of doses occurred (n = 178) and when the dose amount or date of administration were not documented on a dose request (n = 34). Five recipients received duplicate case numbers; these were also excluded, leaving 1,233 requests included in the compliance analysis. For analysis of compliance defined by the 35-day administration interval, patients were excluded when documentation of at least 2 doses was not observed (n = 142; Figure 3) .
During the 2011-2012 season, 5,079 unique dose authorizations were made. Dose authorizations were excluded when information was not available (i.e., last dose of the season; n = 1,616), when the documented dose administered was less than 30 mg or greater than 250 mg (n = 570), and when the weight of the infant was documented as greater than 20 kg (n = 3). Analysis included 2,890 individual dose authorizations with documented subsequent dose administration (Figure 4) . .7) 11.4 (11.5) < 0.001 a P value calculated using Student's t-test assuming unequal variances. SD = standard deviation.
TABLE 2
Timeliness of Palivizumab Coverage Determination
Evaluation of a Novel Web-Based Prior Approval Application for Palivizumab Prophylaxis of Respiratory Syncytial Virus in a State Medicaid Program
projected and actual doses were significantly different (Table  4 ). In the sensitivity analysis that excluded projected and actual doses that differed by ≥ 50%, we observed that some entries for patient weight and dose amount may have been entered erroneously for a given patient but fell within the inclusion criteria based on population values. Projected and actual doses did not vary significantly in the sensitivity analysis (Table 5) . Relative difference was not correlated to patient age based on a Pearson correlation coefficient of -0.04.
■■ Discussion
This is the first known web-based PA application that has been utilized in the United States for palivizumab with the capability for automatic approval. Outcomes of this study-including timeliness of coverage determination, compliance, and accuracy of the dose projection formula-were selected based on features designed to improve the PA process. Improving this process is expected to ensure timely receipt of palivizumab for high risk infants and children at the start of and throughout the RSV season as well as reduce wastage of this costly medication. Time to coverage determination for palivizumab was significantly reduced with implementation of the web-based application. This was due, mostly, to the large number of cases eligible for instant approval based on the diagnosis for the request. Ability to further reduce time to coverage determination was Observed compliance rates in this study were slightly lower when compared with compliance rates reported for Medicaid recipients in the Palivizumab Outcomes Registry, defined as the number of palivizumab doses received compared with expected number of doses (61.1% vs. 76%). When compliance was defined by receipt of all doses within 35 days of the previous dose, we observed a slightly higher rate of compliance in 2011-2012 NC Medicaid recipients than those reported in the Palivizumab Outcomes Registry (62.8% vs. 61%). 15 Monthly injections are recommended during the RSV season based on the 20-day half-life of palivizumab. 7 Thus, compliance with the recommended regimen is needed to maintain serum concentration sufficient to provide prophylaxis throughout the RSV season. Falling serum concentrations as a result of noncompliance can result in hospitalization and wasted expense on previously administered doses. The web-based application evaluated in this study was not initially designed to affect either definition of compliance but rather to provide a means to assess compliance at baseline and have the capability to make system improvements moving forward that may reduce gaps in prophylaxis.
The dose projection formula used within the application appears to be accurate. Given the linear dose projection formula, we suspected that the relative difference in projected and actual doses may vary depending on patient age because pediatric growth curves are not linear between 0 and 2 years of age. However, we did not observe this effect. An accurate dose projection formula is expected to decrease dispensing of excess palivizumab and therefore costs associated with the wastage of the excess medication.
In a recent white paper published by URAC on patient management as a critical component of specialty pharmacy, it was noted that health plans desire compliance and optimal dosage programs more commonly than other therapy management programs. 27 Although this paper was published after the implementation of the web-based palivizumab PA application for NC Medicaid, it is notable that concerns about optimal dosage and adherence were among the top reasons of NC Medicaid to consider a different way of conducting PA.
Implications for Practice
This study has implications for future PA initiatives for palivizumab. While overall timeliness of palivizumab coverage determination decreased significantly because of the instant approval capability of the web-based application, more specific instructions for both the type and submission method of supporting documentation sufficient to justify medical necessity should be included. The compliance rates, based on the interval between doses that were identified through this evaluation, suggest that the window for the e-mail alerts should be shortened. For the upcoming season, the application will e-mail providers beginning at 28 days from the last dose request date. Given the number of entries excluded based on our exclusion criteria for the dose projection algorithm analysis, data verification algorithms could be used in the application to protect accuracy of the dose projection formula from erroneously entered values. For instance, dose amounts and patient weights could be compared with population norms and perhaps previous entries for a given patient.
Implications for Research
The findings from this study have implications for future research. Overall, the cost to NC Medicaid for palivizumab claims decreased by just over $3 million from the 2010-2011 season compared with the 2011-2012 season. Interestingly, the average cost per recipient of palivizumab to NC Medicaid was almost identical between the 2 seasons. Future modifications to the application that address accuracy of user entries may decrease wastage, reducing average cost per recipient. The number of recipients with claims for palivizumab decreased by 300 recipients or 20%. The number of requests also decreased by approximately 300, or 11%. The proportion of palivizumab requests approved decreased from 72.8% in the 2010-2011 season to 66.7% in the 2011-2012 season. It is unclear whether the decrease in approved requests and recipients of palivizumab are due to decreased inappropriate requests for palivizumab or decreased requests for recipients with legitimate medical necessity. Future research should seek to determine legitimacy of requests and the impact of a web-based application. Additionally, this study was not designed to assess health outcomes related to compliance. These outcomes should be targets for future research.
Limitations
The quality of the 2011-2012 data used for the compliance and dose projection analyses may have been affected by the accuracy of data entry by application users. We attempted to control for potentially erroneously entered values in our exclusion criteria; however, values may have been included in the sample that would have appeared appropriate for the population but inappropriate for a particular patient. In order to correct for bias introduced by this error, we conducted a
